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Abs t r ac t  

A new p r i n c i p l e  o f  X-ray i n t e r f e r o m e t r y  i s  shown t o  be 

c a p a b l e  of  y i e l d i n g  r e l a t i v e  phases  of X-rays d i f f r a c t e d  

from mossa ic  c r y s t a l s .  Convent ional  X-ray g e n e r a t o r s  can  be  

used t o  p r o v i d e  t h e  n e c e s s a r y  beam. 



. .  
S u c c e s s f u l  o p e r a t i o n  o f  X-ray i n t e r f e r o m e t e r s  h a s  demonst ra ted  

t h a t  c o n v e n t i o n a l  X - r a y  g e n e r a t o r s  can be uscd t o  g e n e r a t c  two 

c o h e r e n t  hcams producing  f i r s t  o r d e r  i n t e r f e r e n c e . '  

however, t h e  i n t e r s e c t i n g  ang le  of t h e  two beams i s  always t h e  

Up t o  d a t c ,  

same a s  t h e  beam s p l i t t i n g  ang le  which i s  twice t h e  Rragg a n g l e  

o f  t h e  l a t t i c e  p l a n e s  t h a t  s p l i t  an i n c i d e n t  r a y  i n t o  two v i a  

Borrmann e f f e c t  i n  p e r f e c t  c r y s t a l s . '  By u s i n g  two c o h e r e n t  beams, 

a s  w i l l  be  shown l a t e r ,  i t  i s  p o s s i b l e  t o  o b t a i n  two s i m u l t a n e o u s l y  

d i f f r a c t e d  r a y s  from two d i f f e r e n t  s e t s  o f  p l a n e s  i n t o  a common 

d i r e c t i o n ,  and from a combinat ion o f  i n t e n s i t y  measurements,  t o  

e x t r a c t  phase  i n f o r m a t i o n  o f  t h e  d i f f r a c t e d  r a y s .  However, i n  

o r d e r  t o  be  o f  g e n e n e r a l  u s e  t o  c r y s t a l l o g r a p h e r s  i n  s t r u c t u r a l  

d e t e r m i n a t i o n ,  t h e  i n t e r s e c t i o n  a n g l e  o f  t h e  two beams must be  

c o n t i n u o u s l y  v a r i a b l e  over  a u s e f u l  r a n g e ,  s o  t h a t  d i f f r a c t i o n  

c o n d i t i o n s  may be s a t i s f i e d  f o r  any t w o  d i f f e r e n t  and a r b i t r a r i l y  

. _  - chosen  s e t s  o f  p l a n e s .  

X-ray o p t i c s  d i f f e r s  from c o n v e n t i o n a l  o p t i c s  i n  two r e s p e c t s :  

( a )  The o n l y  p r a c t i c a l  method o f  r e f l e c t i o n  o v e r  l a r g e  a n g l e s  

i s  v i a  Bragg r e f l e c t i o n  o v e r  a f i x e d  (Bragg) a n g l e ;  (b) The 

o n l y  p r a c t i c a l  method of beam s p l i t t i n g  i s  v i a  Borrmann e f f e c t  

and t h e  beam s p l i t t i n g  a n g l e  i s  always twice t h e  Bragg a n g l e  

f o r  t h e  co r re spond ing  s e t  o f  p l a n e s .  I n  o r d e r  f o r  t h e  two beams 

t o  Le cahe i -en t ,  t h e  f o l l o w i n g  c o n d i t i o n s  must be  s a t i s f i e d :  ( c )  

A p a i r  of  beams o r i g i n a t i n g  from t h e  same s o u r c e  p o i n t  (beam 

s p l i t t i n g  p o i n t )  must i n t e r s e c t  a t  some p o i n t ;  (d)  The phase  

d i f f e r e n c e  between two beams w i t h i n  a p a i r  must b e  t h e  same f o r  

a l l  p a i r s  a t  t h e i r  r e s p e c t i v e  i n t e r s e c t i o n  p o i n t s ;  and ( e )  

The a n g l e  o f  i n t e r s e c t i o n  must be  f r e e l y  v a r i a b l e  o v e r  a 



u s e f u l  r ange .  

F i g u r e  1 shows a proposed  i n t e r f e r o m e t e r  

f o r  u s e  i n  d i f f r a c t i o n .  A s i n g l e  p e r f e c t  c r y s t a l  i s  c a r v e d  i n t o  

an  L shaped s l a b  w i t h  two p e r p e n d i c u l a r  s i d e s  R and T .  R i s  

p a r a l l e l  and T i s  p e r p e n d i c u l a r  t o  a s e t  o f  s e l e c t e d  l a t t i c e  

p l a n e s  LP. a t  Bragg a n g l e  An i n c i d e n t  r a y  of  wave l e n g t h  h 

8 o n t o  'T \ , ; i l l  s e t  up wave f i e l d s  and p r o p a g a t e  a l o n g  t h e  l a t t i c e  

p l a n e s  t o  t h e  e x i t  s u r f a c e ,  w h e r e  i t  i s  e v e n l y  s p l i t  i n t o  two 

beams, I1 and 12.  One o f  t h e s e  two beams, 11, i s  d i r e c t e d  t o -  

wards R.  Upon Bragg r e f l e c t i o n  from t h e  s e t  o f  l a t t i c e  p l a n e s  

LP o f  R,4 A p l a n e  o f  symmetry 

SP e x i s t s  s u c h  t h a t  a l l  p a i r s  o f  r a y s  from t h e  same s o u r c e  p o i n t s  

I1 w i l l  become p a r a l l e l  t o  12 .  

have m i r r o r  symmetry w i t h  respect  t o  SP. 

I f  a p l a n e  NP normal  t o  1,. and I 2  i s  i n t r o d u c e d ,  t h e  p a t h  

l e n g t h  o f  b o t h  I1 and I 2  t o  t h i s  p l a n e  i s  s o u r c e  p o i n t  d e p e n d e n t .  

I n  o r d e r  t o  e l i m i n a t e  t he  source  p o s i t i o n  dependence,  a p a i r  

o f  wedges a r e  i n t r o d u c e d  which c a u s e s  I 2  t o  t raverse  an  e x t r a  

p a t h  th rough  bending  and rebending: The geometry o f  t h e  wedges 

i s  such  t h a t  upon a r r i v i n g  a t  NP t h e  d i f f e r e n c e  i n  t h e  p a t h  

l e n g t h s  o f  I1 and I 2  becomes s o u r c e  p o s i t i o n  independen t .  

wedge geometry i s  de t e rmined  by t h e  c o n d i t i o n  o f  Borrmann t r a n s -  

m i s s i o n ,  t h e  compensat ion o f  p a t h  l e n g t h  d i f f e r e n c e s ,  and t h a t  

The 

t h e  e v e n t u a l l y  t r a n s m i t t e d  beam I 2  i s  c o l i n e a r  w i t h  i t s e l f  h e f o r e  

p a t h  c o r r e c t i o n  ( s o  t h a t  mirror symmetry o f  I1 and I ,  i s  p rese rved) .  

One geometry t h a t  s a t i s f i e s  t h e s e  c o n d i t i o n s  i s  such  t h a t  t h e  
I 

two wedges a r e  m i r r o r  images o f  each  o t h e r  and t h e  s u r f a c e  o f  
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- 
'one s i d e  o f  t h e  wcdgc makes an ; ingle : ' + - I ]  wi th  t h e  s e t  

o f  p l a n e s  r c s p o n s i b l e  f o r  Borrmann 

(Bragg) a n g l e  e ' ,  i s  t h e  \,?edge 

A I 

t r a n s m i s s i o n  :it an i n c i d c n t  

a n g l e  g iven  b y :  

These wedges have t h e  p r o p e r t y  t h a t  t h e  s o u r c e  dependence o f  

p a t h  l e n g t h  d i f f e r e n c e s  i s  always c o r r e c t e d  f o r  independent  of 

t h e  l i n e a r  p o s i t i o n  o f  t h e  wedge, which de te rmines  t h e  a b s o l u t e  

l e n g t h  o f  t h e  c o r r e c t e d  p a t h .  By adding  m u l t i p l e  r e f l e c t i o n  

p a t h  e x t e n d e r s 4  

t h e  p a t h  l e n g t h s  I1 and I 2  can be made t o  be i d e n t i c a l  ( a t  l e a s t  

t h e o r e t i c a l l y ) .  Because,,the p re sence  o f  t h e  wedge$, t h e  i n t e n -  

and ad jus tments  of  t h e  p o s i t i o n  o f  t h e  wedges,  

O F  

s i t i e s  o f  I1 and I 2  w i l l  d i f f e r  and t h a t  o f  I 2  w i l l  he  s o u r c e  

dependent .  A p p r o p r i a t e l y  shaped a b s o r b e r s  can  be used t o  c o r -  

r e c t  t h e s e  d i f f e r e n c e s .  

I1 and I 2  t hen  f a l l  on to  two s e t s  o f  l a t t i c e  p l a n e s  ( m i r r o r s )  

MI and M2, w h i c h b a r e  mounted i n  such a way t h a t  t h e y  always 

s a t i s f y  Bragg r e f l e c t i o n  c o n d i t i o n s , a n d  can r o t a t e  about  an 

a x i s  i n  c e n t r a l  d i r e c t i o n s  of I l  and 12 .  

ments i t  i s  p o s s i b l e  t o  b r i n g  t h e  two r e f l e c t e d  r a y s  I1 and I t  

t o  i n t e r s e c t  a t  T .  Because of  t h e  symmetry i n  d e s i g n ,  a l l  p a i r s  

By s u i t a b l e  a d j u s t -  

o f  r a y s  i n t e r s e c t  w i t h  t h e  same p a t h  d i f f e r e n c e .  The i n t e r s e c t i o n  

a n g l e  b i n  terms o f  t h e  normal a n g l e  Q o f  Y1 and h12 i s :  
- 
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from 0 t o  40,. For example,  f o r  l =  1 . 5 4  8,  Om = 45' f o r  G e ( 3 3 3 )  
- 

p l a n e ,  and :; can va ry  from n e a r l y  0' t o  180'. 

After  Borrmann t r a n s m i s s i o n  and subsequent  r e f l e c t i o n s  and 

t r a n s m i s s i o n s ,  t h e  bandwidth of I1 and I 2  a r e  s u f f i c i e n t l y  s m a l l ,  

and t h e i r  d i r e c t i o n s  a r e  w e l l  d e f i n e d  t o  w i t h i n  a few seconds o f  

a r c .  

t h e  o r d e r  o f  30k f o r  a beam wid th  o f  1 s e c  o f  a r c .  Bonse and 

Har t  r e p o r t e d  t h a t  coherence  is ach ieved  a t  l O l a b  and d i s a p p e a r s  

a t  1 0 0  /f'. 

T h e o r e t i c a l l y  c a l c u l a t e d  photon c o r r e l a t i o n  l e n g t h  i s  of  

5 

In  o r d e r  t o  a c h i e v e  t h e  b e s t  s i g n a l  t o  n o i s e  performance a ~ d  

t o  f a c i l i t a t e  d a t a  c o l l e c t i o n ,  we propose  t h e  f o l l o w i n g  method 

o f  s imul t aneous  d i f f r a c t i o n .  The geometry o f  d i f f r a c t i o n  i s  shown 

i n  F i g u r e  2 .  The a n g l e  of  i n t e r s e c t i o n  5 i s  s o  chosen t h a t  

upon e n t e r i n g  t h e  s p h e r e  o f  r e f l e c t i o n ,  b o t h  ends o f  a s e l e c t e d  

r e c i p r o c a l  v e c t o r  go s e r v e s  a s  o r i g i n s  o f  r e c i p r o c a l  l a t t i c e s  

f o r  t h e  two r a y s  I1 and 1 2 .  

a s  a x i s ,  a t  a c e r t a i n  a n g l e  a r e c i p r o c a l  l a t t i c e  p o i n t  P will 

p a s s  through t h e  s u r f a c e  o f  the  sphe re  o f  r e f l e c t i o n  d e f i n e d  by 

I f  t h e  c r y s t a l  now r o t a t e s  about  Ho .- 

H ..o ' and I 1  and I 2  w i l l  t h e n  be s i m u l t a n e o u s l y  d i f f r a c t e d  by two  

co r re spond ing  p l a n e s  El and Hz  such t h a t  Fll - Hz = H -0 . 
an a p p r o p r i a t e  yo i s  chosen ,  a whole c o l l e c t i o n  o f  s imul taneous  

r e f l e c t i o n s  among p a i r s  of p lanes  _c HA and .HB , I_  such t h a t  yA-HB=Ho 

can be de te rmined  from a s i n g l e  s e t t i n g  o f  i. . 

I f  

I 

We now show t h a t  phase r e l a t i o n s h i p s  can be e x t r a c t e d  from 

t h e  two s imul t aneous ly  d i f f r a c t e d  r a y s .  The t ime independent  

component o f  t h e  d i f f r a c t e d  1v.ave from p l a n e s  ..%. €I , F ( P ) ,  i s  

de te rmined  by t h e  s t r u c t u r e  wi th in  a u n i t  c e l l  of t h e  c r y s t a l :  
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where fn is the scattering factor of the nth atom and .a r is the 

vector for its location in the unit cell and the sum extends over 

all atoms in the unit cell. 

can write 

F ( H )  v v  is a complex quantity and we 

where 

incident ray and is the quantity of interest. A complete 

knowledge of IF(€$/ 2. (which determines the intensities of dif- 

fracted rays) and the phase angle ‘TCH) - determines the structure 

of  the sample . Current state of crystallography centers arcund 

Y’(H)  is the phase difference between the diffracted and 
w 

the determination of (H) via indirect methods. 
& 

The two simultaneously diffracted beams of I1 and I 2  will 

interfere, giving rise t o  an intensity determined by I F S i L  

= (F(&) + F ( H 2 ) (  ‘. The relative phase Yl2 z j’(H1) *-. - ‘ 4 ’ ( Y 2 )  . C. 

between reflections from and F!2 is then 

where \F(I-I1)l * and JF(Y2)) 
and when I1 is blocked. 

magnitudes since they both are diffracted from lattice planes. 

cos 3’. is a correction factor for polarization effects since 

Borrmann transmitted rays are 100 % polarized. 

are intensities when I 2  i s  blocked 

IF(Ill)l and \ F ( E 2 ) l  * will have comparable 



. .  C .  Chiu - -  page 8 

In this paper we have neglected all technological problems 

and crystallographic corrections. A complctc trentmcnt o n  t h e  

polarization effects and on the technological feasibility o f  

this interferometer is in preparation. 6 
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Figure Captions 

Figure 1. Schematic diagram of an interfero-diffractometer. 

Figure 2. Geometry of simultaneous diffractions o f  two coherent 

beams into a common direction. 
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